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In sediment samples collected from three distinct European locations (United Kingdom, France,
Poland), populations of Dactylobiotus parthenogeneticus were found. The original description of this
species was based solely on the morphology observed with light microscopy and later supplemented
by some additional SEM data of the buccal apparatus and DNA sequences of 18S rRNA and COI. Here
we provide an updated description of the species by means of integrative taxonomy. The description
comprises a comprehensive set of morphometric and morphological data from light and scanning
microscopy as well as nucleotide sequences of three nuclear (18S rRNA, 28S rRNA, ITS-2) and one
mitochondrial (COI) fragments. Our analysis of haplotype diversity confirmed our morphological
identification and showed that D. parthenogeneticus is widely distributed in Europe.
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Tardigrades, known also as water bears, are a phy-
lum of micro-invertebrates that inhabit freshwater
and marine habitats but also limno-terrestrial environ-
ments with at least temporary moisture (NELSON
et al. 2015). Tardigrade taxonomy started almost two
centuries ago and currently over 1300 nominal taxa
are recognized within the phylum (GUIDETTI &
BERTOLANI 2005; DEGMA & GUIDETTI 2007; DEGMA
et al. 2019).
The genus Dactylobiotus Schuster, 1980 was erected
by SCHUSTER et al. (1980), and presently it comprises
18 species, which are known to be exclusively aquatic
(KIHM et al. 2020). In this study, we focus on Dacty-
lobiotus parthenogeneticus Bertolani, 1982 which
has been recorded numerous times from several Euro-
pean countries such as Italy, Greece, Poland and Spain
(BERTOLANI 1982a,b; BINDA & GUGLIELMINO 1982;
BERTOLANI 1988; GUIL 2002; GUIDETTI et al. 2006b;
POPRAWA et al. 2015) but also from Argentina, Bo-
livia and Mexico (MEYER 2013; KACZMAREK et al.
2015; MORENO-TALAMANTES et al. 2015). The ge-
nus Dactylobiotus was established 40 years ago, and
so far none of its species were described using an inte-
grative approach except recently discovered species
Dactylobiotus ovimutans KIHM et al., 2020. There-
fore, the morphological data for the majority of Dac-
tylobiotus taxa were collected only with light
microscopy and were not associated with genetic
markers. This limitation and scarce genetic data are
clearly visible in GenBank, where DNA sequences
are provided for only three species: Dactylobiotus
ambiguus (Murray, 1907) (28S rRNA and 18S rRNA),
Dactylobiotus octavi Guidetti et al., 2006a (28S rRNA
and 18S rRNA), and D. parthenogeneticus (18S rRNA
and COI). In our work, we analysed three European
populations of D. parthenogeneticus from Poland,
France and Great Britain. We provide a new descrip-
tion of D. parthenogeneticus based on a detailed mor-
phological examination with light and scanning
electron microscopy as well as DNA sequences of the
four standard molecular markers used in tardigrade
taxonomy (18S rRNA, 28S rRNA, ITS-2 and COI).
Based on our multifaceted approach and especially
genetic comparisons, we confirmed that D. partheno-
geneticus is distributed in aquatic habitats in at least
three countries in Europe.
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Material and Methods
Sample processing
Sediment samples, in which two populations of the
studied species were previously discovered, were col-
lected: 1) in a pond in the Botanic Garden of the Jagiel-
lonian University (Kraków, Poland; 50°0345N,
19°5727E; coll. Artur Oczkowski and Bart³omiej
Surmacz; 17 September 2017), and 2) in a pond in
a park (Fontainebleau, France; 48°2405N, 2°4213E;
coll. Daniel Stec; 11 March 2017). The third popula-
tion analysed in this study came from a clonal labora-
tory strain of Dactylobiotus dispar (Murray, 1907)
that was originally established on 13th November
1987 by Robert MCNUFF from a female collected
from rotting leaves in a pond in Darcy Lever, Bolton,
Lancashire, England (53°3332N, 2°2348W)
(Robert McNuff, pers. com). Commercial cultures of
this strain are made available by Sciento (under cata-
logue number Z160). This population was confirmed
in our study to be D. parthenogeneticus and not
D. dispar.
The samples were examined for tardigrades using
the protocol by DASTYCH (1980) with modifications
described in detail in STEC et al. (2015). For taxo-
nomic analysis, animals and eggs isolated from the
samples were separated into three groups for specific
analyses: morphological analysis with phase contrast
light microscopy, morphological analysis with scan-
ning electron microscopy, and DNA sequencing (for
details please see Table 1).
Microscopy and imaging
Specimens for light microscopy were mounted on
microscope slides in a small drop of Hoyer’s medium
and secured with a cover slip, according to the proto-
col by MOREK et al. (2016). Slides were examined un-
der an Olympus BX53 light microscope with phase
contrast (PCM), connected with an Olympus DP74
digital camera. In order to obtain clean and extended
specimens for scanning electron microscopy, tardi-
grades were processed according to the protocol by
STEC et al. (2015). In short, specimens were first sub-
jected to a 60 °C water bath for 30 min to obtain fully
extended animals, then to a water/ethanol and an etha-
nol/acetone series, then to CO2 critical point drying
and finally sputter coated with a thin layer of gold.
Bucco-pharyngeal apparatuses were extracted ac-
cording to the protocol of EIBYE-JACOBSEN (2001) as
modified by G¥SIOREK et al. (2016). Specimens were
examined under high vacuum in a Versa 3D Dual-
Beam Scanning Electron Microscope at the ATOMIN
facility of the Jagiellonian University, Kraków, Po-
land. All figures were assembled in Corel Photo-Paint
X6, ver. 16.4.1.1281. For structures that could not be
satisfactorily focused in a single light microscope
photograph, a stack of 2-6 images were taken with an
equidistance of ca. 0.2 ìm and assembled manually
into a single deep-focus image in Corel Photo-Paint
X6, ver. 16.4.1.1281.
Morphometrics and morphological nomenclature
All measurements are given in micrometres (ìm).
Sample size was adjusted based on recommendations
by STEC et al. (2016). Structures were measured only
if their orientation was suitable. Body length was
measured from the anterior extremity to the end of the
body, excluding the hind legs. The terminology used
to describe the oral cavity armature and egg shell mor-
phology is given in MICHALCZYK and KACZMAREK
(2003) and KACZMAREK and MICHALCZYK (2017),
respectively. Macroplacoid length sequence is given
according to the method in KACZMAREK et al. (2014).
Buccal tube length and the level of the stylet support
insertion point were measured according to PILATO
(1981). The pt index is the ratio of the length of
a given structure to the length of the buccal tube ex-
pressed as a percentage (PILATO 1981). Buccal tube
width was measured according to KACZMAREK and
MICHALCZYK (2017) as the external and internal di-
ameter at the level of the stylet support insertion point.
Claws were measured according to BINDA and
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Table 1
Details of Dactylobiotus parthenogeneticus Bertolani, 1982 populations analysed in the study.
Note: PCM – number of animals (A) and eggs (E) prepared for phase contrast microscopy exami-
nation, SEM – number of animals and eggs prepared for scanning electron microscopy examina-
tion, DNA – number of animals used for DNA sequencing
Population Locality Coordinates Collector PCM SEM DNA
GB.003 pond in Darcy Lever, Bolton, Lancashire,England
53°3332N,
2°2348W Robert McNuff 88 A+ 13E 5 A+ 0 E 4A
FR.149 pond in park, Fontainebleau,France
48°2405N,
2°4213E Daniel Stec 17 A+ 8E 0A+ 0E 2A




& Bart³omiej Surmacz 114 A+ 48E 10 A+ 10E 4A
PILATO (1999). Distance between egg processes was
measured as the shortest line connecting base edges of
the two randomly chosen closest processes
(KACZMAREK & MICHALCZYK 2017). Morphomet-
ric data were handled using the “Parachela” ver. 1.7
template available from the Tardigrada Register
(MICHALCZYK & KACZMAREK 2013). Raw mor-
phometric data for the analysed species are provided
as supplementary materials (Suppl. Mat. 1). Tardi-
grade taxonomy follows GUIL et al. (2019).
Additional comparative material
For morphological comparison we used the original
description as well as photomicrographs of the type
series of D. parthenogeneticus deposited in the Roberto
Bertolani collection taken by Piotr G¹siorek and
Witold Morek (both of Jagiellonian University, Po-
land), thanks to the courtesy of Roberto Guidetti and
Roberto Bertolani (University of Modena, Italy).
Four additional SEM photomicrographs of the British
population of D. parthenogeneticus were kindly pro-
vided by £ukasz Michalczyk and assembled within
the figure plates (Figs 2 C-D and 8D, G).
Genotyping
The DNA was extracted from individual animals
following a Chelex® 100 resin (Bio-Rad) extraction
method by CASQUET et al. (2012) with modifications
described in detail in STEC et al. (2020a). We se-
quenced four DNA fragments: the small ribosome
subunit (18S rRNA, nDNA), the large ribosome
subunit (28S rRNA, nDNA), the internal transcribed
spacer (ITS-2, nDNA), and the cytochrome oxidase
subunit I (COI, mtDNA). All fragments were ampli-
fied and sequenced according to the protocols de-
scribed in STEC et al. (2020a); primers and original
references for specific PCR programs are listed in Ta-
ble 2. Sequencing products were read with the ABI
3130xl sequencer at the Molecular Ecology Lab, In-
stitute of Environmental Sciences of the Jagiellonian
University, Kraków, Poland. Sequences were
processed in BioEdit ver. 7.2.5 (HALL 1999) and sub-
mitted to GenBank.
Comparative molecular analysis
Since there are no published sequences of ITS-2,
only the sequences of 18S rRNA, 28S rRNA and COI
markers for species in the genus Dactylobiotus were
downloaded from GenBank (GUIDETTI et al. 2005;
SANDS et al. 2008; CHEN et al. 2009, unpublished;
JØRGENSEN et al. 2010; BERTOLANI et al. 2014; GUIL
et al. 2019). However, nine 18S rRNA sequences
(GQ925678-9, EF632436-42) and the only two
28S rRNA sequences (GQ849049 and MH079500)
were not homologous with fragments sequenced in
our study and thus excluded from further analysis.
The sequences of each DNA marker were aligned
separately using the AUTO (in the case of ITS-2 and
COI) and the Q-INS-I strategy (in the case of ribo-
somal markers: 18S rRNA, 28S rRNA) of MAFFT
version 7 (KATOH et al. 2002; KATOH & TOH 2008)
and manually checked against non-conservative
alignments in BioEdit. Then, the aligned sequences
were trimmed to: 763 (18S rRNA), 769 (28S rRNA),
414 (ITS-2), 534 (COI) bp. All COI sequences were
translated into protein sequences in MEGA7 version
7.0 (KUMAR et al. 2016) to check against pseudo-
genes. Uncorrected pairwise distances were calcu-
lated using MEGA7 and are provided as
supplementary materials (Suppl. Mat. 2).
Networks of haplotypes of D. parthenogeneticus
from four distinct populations (three populations from
this study and one population from Italy; the only COI
sequence was GenBank AY598771) were prepared
using PopARTver.1.7 (http://popart.otago.ac.nz)
with the implementation of Median-Joining method
(BANDELT et al. 1999). For this purpose, single se-
quences of each haplotype present in each population
were used (N = 3 for 28S rRNA, N = 3 for ITS-2 and
N = 5 for COI). Sequences were aligned as described
above and cut to the shortest available alignment.
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Table 2
PCR primers for amplification of the four DNA fragments sequenced in the study
DNA fragment Primer name Primer direction Primer sequence (5’-3’) Primer source
18S rRNA
18S_Tar_1Ff forward AGGCGAAACCGCGAATGGCTC
STEC et al. 2017
18S_Tar_1Rr reverse GCCGCAGGCTCCACTCCTGG
28S rRNA
28S_Eutar_F forward ACCCGCTGAACTTAAGCATAT G¥SIOREK et al. 2018
MIRONOV et al. 201228SR0990 reverse CCTTGGTCCGTGTTTCAAGAC
ITS-2
Eutar_Ff forward CGTAACGTGAATTGCAGGAC








Phylum: Tardigrada Doyère, 1840
Class: Eutardigrada Richters, 1926
Order: Macrobiotoidea Guil et al., 2019
Family: Murrayidae Guidetti et al., 2005
Genus: Dactylobiotus Schuster, 1980
(in SCHUSTER et al. (1980))
Dactylobiotus parthenogeneticus Bertolani, 1982
Slide and SEM stubs depositories:
P o l i s h p o p u l a t i o n: 124 animals (slides: PL.317.*,
with the asterisk substituted by any of the following
numbers 01-26; SEM stub: 19.17) and 58 eggs (slides:
PL.317.*: 27-33; SEM stub: 19.17);
British population: 93animals (slides:GB.003.*: 01-20,
22-24; SEM stubs with buccal apparatuses: 6.072-6)
and 13 eggs (slides: GB.003.*: 21, 25); F r e n c h
p o p u l a t i o n: 17 animals (slides: FR.149.*: 01-17)
and 8 eggs (slides: FR.149.*: 18, 19).
All are deposited at the Institute of Zoology and Bio-
medical Research, Jagiellonian University, Gronosta-
jowa 9, 30-387, Kraków, Poland.
Updated description of the species
Animals
Body transparent in juveniles and whitish in adults, but
transparent after fixation in Hoyer’s medium (Fig.1A).
In live specimens, eyes are present but they dissolve
in Hoyer’s medium. Cuticle without pores but clearly
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Fig. 1. Dactylobiotus parthenogeneticus Bertolani, 1982 from Poland – habitus and dorsal cuticle (PCM): A – dorso-ventral view; B – dorsal
cuticle with two flat, oval papillae present on dorsum between legs III-IV. Arrowheads indicate dorsal papillae. Scale bars in ìm.
wrinkled with two flat, oval papillae present on the
dorsum between legs III and IV in adults and juveniles
(Figs 1B and 2A-F). Granulation absent on all legs.
Claws of the Dactylobiotus type with short basal
portion and primary branches with distinct accessory
points (Fig. 3A-D). Lunules absent but under PCM
Geographic Distribution of Dactylobiotus parthenogeneticus 61
Fig. 2. Dactylobiotus parthenogeneticus Bertolani, 1982 – dorsal cuticle (SEM): A – dorsal cuticle between leg III-IV with two papillae
(adult, Poland); B – magnification of one dorsal papilla (adult, Poland); C – dorsal cuticle between leg III-IV with two papillae (juvenile,
United Kingdom); D – magnification of dorsal papillae (juvenile, United Kingdom); E-F – magnification of a fragment of dorsal
cuticle of the adult specimen between legs II-III (C) and III-IV (D) (Poland). Arrowheads indicate dorsal papillae. Scale bars in ìm.
a robust semilunar cuticular connection is present be-
tween external/posterior and internal/anterior claws
(Fig. 3A-B). Under SEM this connection is visible as
discontinuous, being composed of extended lunulae-
like thickenings under the claws on the lateral sides
whereas its median portion is located within or under
cuticle (Fig. 3C-D). Claws on the first three pairs of
legs similar in size but obviously longer on the hind
legs.
Mouth antero-ventral followed by ten short
peribuccal lamellae, bucco-pharyngeal apparatus of
the Macrobiotus type (Figs 4A-G, 5A-H and 6A-B).
Under PCM, the oral cavity armature comprises only
the second and the third band of teeth (Fig. 4B-C).
However, in SEM three bands of teeth are clearly visi-
ble with the first band being situated at the base of
peribuccal lamellae and composed of 4-5 rows of
scattered small conical teeth arranged around the oral
cavity (Figs 5E and 6A-B). The second band of teeth
is situated below the ring fold, and comprises
4-6 rows of small cone-shaped teeth which are larger
than those of the first band and increase in size to-
wards the third band of teeth (Figs 4B-C, 5E and
6A-B). The teeth of the third band are located within
the posterior portion of the oral cavity, between the
second band of teeth and the buccal tube opening
(Figs 4B-C, 5E and 6A-B). The third band of teeth is
discontinuous and divided into dorsal and the ventral
portions. Under PCM, the dorsal teeth are seen as
three distinct transversal ridges whereas the ventral
teeth appear as two separate lateral transverse ridges,
between which a roundish median tooth is visible
(Fig. 4B-C). In SEM, both dorsal and ventral teeth are
also clearly distinct (Figs 5E and 6A-B). Under SEM,
the dorsal teeth are sharpened at the end (Figs 5E and
6A-B), whereas the ventral portion of the third band
of teeth comprises also several smaller additional
teeth (Figs 5E and 6A-B). Under PCM in the lateral
view of the buccal apparatus a strengthening bar (ven-
tral lamina) with an incision determining a ventral
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Fig 3. Dactylobiotus parthenogeneticus Bertolani, 1982 from Poland – claws: A-B – claws III (A) and IV (B) seen in PCM; C-D – claws
II (C) and IV (D) seen in SEM. Arrowhead indicates faintly visible double muscle attachments under the claws. Scale bars in ìm.
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Fig 4. Dactylobiotus parthenogeneticus Bertolani, 1982 from Poland – buccal apparatus and the oral cavity armature seen in PCM: A –
dorso-ventral view of the buccal apparatus; B-C – oral cavity armature seen in dorsal (B) and ventral (C) view; D-E – lateral view of the
anterior portion of the buccal apparatus with ventral lamina and the incision determining the presence of a ventral hook; F-G – placoid
morphology, dorsal (D) and ventral (E) view. Empty flat arrowheads indicate the second band of teeth, filled indented arrowheads
indicate the third band of teeth, arrows indicate ventral hook, empty indented arrowheads indicate constrictions in macroplacoids.
Scale bars in ìm.
hook is clearly visible (Fig. 4D-E). The hook is visible
as an invagination in the ventral lamina when ob-
served from lateral view under SEM that starts with
bifurcation visible clearly only in ventral view (Fig.
5A, C) and develops further below the common tract
of the bifurcation. The ventral portion of the hook
visible in PCM (Fig. 4D-E) is actually constituted by
a common tract of the bifurcation and the branches of
the bifurcation (Fig. 5A, C), while the opening of the
hook under PCM (Fig. 4D-E) is the opening of the in-
vagination visible under SEM (Fig. 5A, C). The hook
is not visible under SEM because the invagination has
lateral walls that at certain focus are not visible under
PCM but are always visible with SEM. Pharyngeal
bulb spherical, with triangular apophyses, two rod-
shaped macroplacoids which sometimes have jagged
edges (Figs 4F-G and 5G-H). The macroplacoid length
sequence 2<1. The first macroplacoid has a central
constriction, whereas the second macroplacoid is
constricted sub-terminally (Figs 4F-G and 5G-H).
Measurements and statistics are given in Table 3.
Eggs
Laid freely, whitish, spherical (Figs 7A and 8A).
Processes in the shape of short and wide cones with
apexes divided into multiple (typically three to six)
short, nodular, finger-like apices (Figs 7B-E and
8B-G, I). Under SEM, apices usually covered with
microgranulation (Fig. 8I). Egg surface between the
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Fig 5. Dactylobiotus parthenogeneticus Bertolani, 1982 from United Kingdom – buccal apparatus and the oral cavity armature seen in
SEM: A-B – entire buccal apparatus seen in ventral (A) and lateral (B) view; C-D – magnification of buccal crown seen in ventral (C)
and lateral (D) view; E – oral cavity armature; F – magnification of stylet’s furca; G-H – placoid morphology, dorsal (G) and ventral
(H) view. Filled flat arrowhead indicates the first band of teeth, empty flat arrowheads indicate the second band of teeth, filled indented
arrowheads indicate the third band of teeth, arrows indicate invagination in the ventral lamina that starts with branches of bifurcation
and opening and is followed by a common tract of the bifurcation, empty indented arrowheads indicate constrictions in macroplacoids.
Scale bars in ìm.
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Fig 6. Dactylobiotus parthenogeneticus Bertolani, 1982 from Poland – oral cavity armature seen in SEM: A-B – the oral cavity armature
seen from different angles, dorsal (A) and ventral (B) view, respectively. Filled flat arrowhead indicates the first band of teeth, empty
flat arrowheads indicate the second band of teeth, filled indented arrowheads indicate the third band of teeth. Scale bars in ìm.
Fig 7. Dactylobiotus parthenogeneticus Bertolani, 1982 from Poland – egg chorion morphology viewed in PCM: A – midsection under
400× magnification; B-C – midsections under 1000× magnification; D-E – egg surface under 1000× magnification. Filled flat
arrowheads indicate crowns of small thickenings/projections around the bases of the processes. Scale bars in ìm.
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Table 3
Measurements (in µm) of selected morphological structures of individuals of Dactylobiotus par-
thenogeneticus Bertolani, 1982 from Poland mounted in Hoyer’s medium (N – number of speci-
mens/structures measured, range refers to the smallest and the largest structure among all measured
specimens; SD – standard deviation). The pt index is the ratio of the length of a given structure to
the length of the buccal tube expressed as a percentage
Character N
Range Mean SD
µm pt µm pt µm pt
Body length 26 374 – 679 757 – 1170 521 979 81 111
Buccal tube
Buccal tube length 26 46.8 – 64.0 – 53.0 – 3.8 –
Stylet support insertion point 26 33.6 – 46.4 69.5 – 72.8 38.0 71.6 2.7 0.8
Buccal tube external width 26 5.3 – 7.9 10.8 – 13.8 6.5 12.3 0.7 0.8
Buccal tube internal width 26 3.4 – 6.2 6.9 – 9.9 4.4 8.3 0.6 0.8
Ventral lamina length 25 19.1 – 27.3 37.1 – 46.5 22.8 43.1 2.3 3.0
Placoid lengths
Macroplacoid 1 26 12.0 – 20.4 25.6 – 32.6 15.2 28.6 1.9 2.0
Macroplacoid 2 26 6.9 – 11.2 14.0 – 17.9 8.7 16.3 1.1 1.2
Macroplacoid row 26 20.7 – 35.4 44.2 – 55.3 26.0 48.9 3.3 3.0
Claw 1 heights
External primary branch 22 17.7 – 27.6 32.1 – 46.9 21.8 41.4 2.4 3.1
External secondary branch 22 6.5 – 9.1 13.2 – 17.2 7.6 14.5 0.7 0.9
External secondary/primary branch 22 30.9 – 42.4 – 35.2 – 2.7 –
Internal primary branch 22 15.3 – 26.5 31.1 – 46.2 20.4 38.5 2.7 4.0
Internal secondary branch 23 5.5 – 9.6 11.2 – 16.1 7.4 13.9 1.1 1.3
Internal secondary/primary branch 22 27.6 – 43.6 – 36.5 – 4.7 –
Claw 2 heights
External primary branch 23 18.4 – 27.3 34.3 – 48.3 22.2 42.1 2.1 3.0
External secondary branch 23 6.5 – 10.4 13.2 – 18.7 8.1 15.4 1.0 1.2
External secondary/primary branch 23 31.6 – 44.1 – 36.7 – 2.8 –
Internal primary branch 23 15.3 – 22.6 31.1 – 43.2 19.9 37.7 1.7 2.9
Internal secondary branch 23 5.8 – 9.5 11.1 – 17.2 7.4 14.0 1.0 1.4
Internal secondary/primary branch 23 28.6 – 46.1 – 37.3 – 4.5 –
Claw 3 heights
External primary branch 23 17.3 – 28.3 35.2 – 49.1 21.9 41.0 2.7 3.8
External secondary branch 23 6.8 – 10.3 13.6 – 18.5 8.4 15.7 1.0 1.4
External secondary/primary branch 23 32.9 – 45.5 – 38.6 – 3.6 –
Internal primary branch 21 17.1 – 26.9 30.9 – 46.7 20.1 37.7 2.1 3.3
Internal secondary branch 21 6.0 – 9.9 11.9 – 17.2 7.3 13.6 1.0 1.2
Internal secondary/primary branch 21 32.2 – 43.4 – 36.2 – 3.0 –
Claw 4 heights
Anterior primary branch 19 26.0 – 33.0 51.1 – 59.8 29.2 55.1 2.1 2.3
Anterior secondary branch 19 9.2 – 14.4 16.8 – 25.3 11.7 22.0 1.2 1.9
Anterior secondary/primary branch 19 31.0 – 46.8 – 40.1 – 3.4 –
Posterior primary branch 12 23.9 – 33.9 46.7 – 59.4 29.1 55.1 3.0 4.0
Posterior secondary branch 11 10.2 – 14.6 20.8 – 24.6 12.1 22.7 1.2 1.2
Posterior secondary/primary branch 11 35.9 – 52.7 – 41.8 – 4.9 –
processes seems to be smooth under PCM
(Fig. 7D-E), whereas under SEM it is clearly wrinkled
(Fig. 8B-F). Under PCM, the margins of processes
bases seem to be serrated and surrounded by a crown
of small thickenings/projections (Fig. 7D-E), which
are internal strengthening structures stabilising the
processes within the chorion, clearly visible under
SEM when the chorion is broken (Fig. 8G-H) or verti-
cal thickenings present on basal portions of processes
walls (Fig. 8B-C, E-F). Sometimes, micropores are
present on the egg surface near the processes’ base but
they are visible only under SEM (Fig. 8B-C, E). Eggs
are sticky because they are covered by mucus which
most likely enhances their adhesion to the substrate
and maybe has also a protective function. This mucus
is clearly visible under SEM as a web of flexible fila-
ments that cover the egg surface (Fig. 8B-F) but is
only faintly visible under PCM (Fig. 7D-E). Measure-
ments and statistics are given in Table 4.
Remarks
In comparison with the original description the fol-
lowing morphological characters are newly reported
for the species: the presence of the first band of teeth
in the oral cavity armature visible only under SEM
and the presence of constrictions in the first and sec-
ond macroplacoids. Furthermore the updated descrip-
tion provides much more detailed morphological
characterisation of the claws, oral cavity armature as
well as egg ornamentation. Finally we did not notice
any obvious variation in the observed morphological
characters between specimens from the three distinct
population examined in our study.
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Fig 8. Dactylobiotus parthenogeneticus Bertolani, 1982 – egg chorion morphology seen in SEM: A – entire egg; B-D – magnification of
the egg surface; E-F – egg processes; G-H – strengthening internal structures that stabilize the processes within the chorion; I – details
of the apices of the egg processes. Photomicrographs A, B, C, E, F, H, I come from the Polish population, whereas D and G are from the
British population. Filled flat arrowheads indicate vertical cuticular thickenings on the external surface of the bases of the egg
processes, filled indented arrowheads indicate micropores, empty flat arrowheads indicate filamentous remains of mucus. Scale bars in ìm.
DNA sequences
For each of the three examined populations we ob-
tained sequences for all four of the above-mentioned
DNA markers which are as follows:
B r i t i s h p o p u l a t i o n ( G B . 0 0 3 ):
MT373693 (18S rRNA; 1016 bp), MT373699 (28S
rRNA; 782 bp), MT374190 (ITS-2; 414 bp),
MT373803 (COI; 658 bp);
F r e n c h p o p u l a t i o n ( F R . 1 4 9 ):
MT373694 (18S rRNA; 826 bp), MT373700 (28S
rRNA; 769 bp), MT374191 (ITS-2; 414 bp),
MT373804 (COI; 658 bp);
P o l i s h p o p u l a t i o n ( P L . 3 1 7 ):
MT373695 (18S rRNA; 1021 bp), MT373701 (28S
rRNA; 782 bp), MT374192 (ITS-2; 414 bp),
MT373805–6 (COI; 658 bp);
Genetic comparisons
Genetic distances showed small differences be-
tween the three Dactylobiotus populations examined
in this work. All populations share the same 18S
rRNA haplotype, whereas each population exhibits
distinct 28S rRNA and ITS-2 haplotypes (Fig. 9A-B).
The genetic distances are: 0.13-0.26% for 28S rRNA
and 0.24-0.97% for ITS-2. The comparison with other
18S rRNA sequences from GenBank also shows very
low genetic differences that range from 0.00% to
0.26%. Similarly, for COI all populations examined
in this study exhibited at least one distinct,
population-specific haplotype, however one of the
two haplotypes in the Polish population is identical
with the haplotype present in the French population
(Fig. 9C). Moreover, comparisons with other COI se-
quences from GenBank confirmed that the three
newly found populations represent D. parthenoge-
neticus as genetic distances between the haplotypes
and the COI sequence of AY598771 are very small
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Table 4
Measurements (in µm) of selected morphological structures of the eggs of Dactylobiotus parthe-
nogeneticus Bertolani, 1982 from Poland mounted in Hoyer’s medium (N – number of eggs/struc-
tures measured, range refers to the smallest and the largest structure among all measured
specimens; SD – standard deviation)
Character N Range Mean SD
Egg bare diameter 24 75.1 – 93.4 83.0 5.0
Egg full diameter 24 84.6 – 101.1 91.8 4.5
Process height 72 3.2 – 4.9 4.0 0.4
Process base width 72 3.1 – 5.2 3.8 0.4
Process base/height ratio 72 73% – 139% 96% 11%
Inter-process distance 72 2.0 – 4.8 2.8 0.5
Number of processes on the egg circumference 24 34 – 38 36.7 1.0
Fig 9. Haplotype Median Joining networks for nuclear and 
mitochondrial markers of Dactylobiotus parthenogeneticus 
Bertolani, 1982: A – 28S rRNA; B – ITS-2; C – COI. 
Haplotypes are represented by coloured circles. The size of 
circles is proportional to the number of populations in which 
a particular haplotype is present. Populations are listed in Table 1. 
Grey circles without a number indicate a hypothetical 
intermediate haplotype linking observed haplotypes of 
D. parthenogeneticus. Numbers in brackets indicate the 



















and range from 0.37% to 0.75%. The COI sequence of
AY598771 comes from a pond located ca. 6 km from
the pond where the type population of D. parthenoge-
neticus was found, thus it can be considered as a bar-
code reliably representing this species. The peat bog
where the species was originally discovered (type
locality) has been destroyed (Roberto Bertolani, pers.
com.). Moreover, the comparison also showed that
other COI sequences labelled as Dactylobiotus sp.
(EF632523-9; The South Shetland Islands, Antarctica)
belong to a different species as they all differ from all
haplotypes of D. parthenogeneticus in more than 17%
(please see Suppl. Mat. 2 for detailed matrices with
genetic distances calculated between all analysed se-
quences).
Discussion
Our study provides detailed morphological and ge-
netic data on an aquatic tardigrade species, Dactylo-
biotus parthenogeneticus, collected from three
distinct localities and analysed with integrative taxon-
omy approach. These results will enhance future spe-
cies identifications but also will contribute to studies
on tardigrade phylogeny with the set of four molecu-
lar markers. The DNA sequences and haplotype
analysis confirmed our initial morphological identifi-
cation and affirmed that this species is most probably
very common in Europe.
To date, there are only a few studies that have inves-
tigated the distribution of a single tardigrade species
using genetic data in Europe (e.g. CESARI et al. 2009;
JØRGENSEN et al. 2007, 2013; G¥SIOREK et al. 2016,
2019b; MOREK et al. 2019a) as well as on other conti-
nents (e.g. CESARI et al. 2016; ZAWIERUCHA et al.
2018; G¥SIOREK et al. 2019c; JACKSON & MEYER
2019; KACZMAREK et al. 2020; SUGIURA et al.
2020). However, none of these studies was conducted
on an exclusively aquatic, freshwater-dwelling tardi-
grade species. The most similar of all of these to our
research in terms of tardigrade habitat were studies
conducted by CESARI et al. (2016) and ZAWIERUCHA
et al. (2018). The first one focused on the distribution
of Acutuncus antarcticus (RICHTERS, 1904), the most
abundant and common tardigrade species in Antarctica,
which lives in freshwater ecosystems and terrestrial
microhabitats in soil, grass, algae, moss and lichen in
non-glacial areas (MURRAY 1910; DASTYCH 1991).
The second one analysed the geographic distribution
pattern of Cryoconicus kaczmareki ZAWIERUCHA
et al., 2018, a dark-pigmented tardigrade inhabiting
cryoconite holes in mountain glaciers in China and
Kyrgyzstan. Thus, our work can be considered as the
first small-scale phylogeographic study on an exclu-
sively aquatic tardigrade, which could have different
dispersal modes compared to terrestrial species due to
weak or absent anhydrobiotic abilities and – at the
same time – the encystation capability of aquatic tar-
digrades (e.g. GUIDETTI et al. 2006b; JANELT &
POPRAWA 2020). For example, epizoochory, which
was suggested for some terrestrial tardigrades
(MOGLE et al. 2018; ROBERTSON et al. in press), may
play a vital role in species transmission between water
bodies by aquatic birds and mammals both on the in-
tra- and inter-continental scale. This seems to be rele-
vant as D. parthenogeneticus has already been
reported from Argentina, Bolivia and Mexico (see the
Introduction section). Since some recent works have
demonstrated or suggested the existence of cryp-
tic/pseudocryptic taxa in tardigrades (e.g. FAURBY
et al. 2008; FONTOURA & MORAIS 2011; GUIDETTI
et al. 2016; STEC et al. 2018; GUIDETTI et al.2019;
MOREK et al. 2019b; SURMACZ et al. 2019; STEC et al.
2020a, 2020b), these reports of D. parthenogeneticus
from outside Europe and based only on morphologi-
cal observations must be regarded with a dose of scep-
ticism until genetically confirmed. Conversely, since
the comparison of morphometric data obtained in our
study with data presented by MORENO-TALAMANTES
et al. (2015) showed no differences between Polish
and Mexican populations, this suggests an extremely
wide distribution range. This would not be very sur-
prising especially since D. parthenogeneticus is a par-
thenogenetic species, and recent works have already
demonstrated such an extensive distribution for asexual
tardigrades in distinct genera, e.g. Paramacrobiotus
Guidetti et al., 2009, Richtersius Pilato and Binda,
1989 and Echiniscus Schultze, 1840 (see G¥SIOREK
et al. 2019d; GUIDETTI et al. 2019; KACZMAREK et al.
2020; STEC et al. 2020a; STEC et al. 2020b).
As mentioned in the introduction, almost all Dacty-
lobiotus species were originally described using only
traditional morphological techniques with light mi-
croscopy and often with small sample sizes of animals
and eggs. Previously KACZMAREK et al. (2008) and
MORENO-TALAMANTES et al. (2015) listed three spe-
cies with uncertain taxonomic positions, but we also
noted a fourth species. The first of these is Dactylo-
biotus macronyx (Dujardin, 1851), whose validity
was questioned by many taxonomists due to the very
inadequate original description and the lack of a mod-
ern redescription (CUÉNOT 1932; MARCUS 1936;
RAMAZZOTTI & MAUCCI 1983; BINDA & PILATO
1999; GUIDETTI et al. 2006a; KACZMAREK et al.
2008). The description states that the species lays
smooth unornamented eggs within exuviae, which is
atypical not only for the genus, but also for the entire
order Macrobiotoidea. Thus, following also previous
recommendations by BINDA and PILATO (1999) and
GUIDETTI et al. (2006b), we formally designate this
species as nomen dubium: Dactylobiotus macronyx
(Dujardin, 1851) nom. dub. Similarly, Dactylobiotus
kansae Beasley et al., 2009 was described as a species
that lays unornamented eggs within exuviae. The pho-
tomicrographs of animals provided by BEASLEY et al.
(2009) indeed show a Dactylobiotus species. How-
ever, Fig. 2D in this work clearly shows that the claws
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of the exuviae belong to the recently established iso-
hypsibioid aquatic genus Grevenius G¹siorek et al.,
2019a. Thus, considering that the description is based
on animals and eggs that represent different tardi-
grade orders, and that the species identification with-
out eggs is almost impossible in the genus
Dactylobiotus, here we also designate this species as
nomen dubium: Dactylobiotus kansae Beasley et al.,
2009 nom. dub. Two other Dactylobiotus species with
highly insufficient descriptions are Dactylobiotus aq-
uatilis Yang, 1999 and Dactylobiotus henanensis
Yang, 2002. These descriptions do not contain any in-
formation on egg morphology, which is crucial for
species identification within the genus; they lack de-
tailed descriptions and/or measurements of other
taxonomically important characteristics, such as cuti-
cle morphology, claws and buccal apparatus; and they
do not contain a proper differential diagnosis with
other similar taxa. Since a correct identification of
these species is impossible, we also propose to designate
them as nomina dubia: Dactylobiotus aquatilis Yang,
1999 nom. dub. and Dactylobiotus henanensis Yang,
2002 nom. dub.
Acknowledgments
We are very grateful to Bart³omiej SURMACZ and
Artur OCZKOWSKI, who collected the sediment samples
from Botanical Garden in Kraków. We would also like
to thank to Piotr G¥SIOREK, Witold MOREK, Roberto
BERTOLANI and Roberto GUIDETTI for the photomi-
crographs of animals and eggs from the type series of
Dactylobiotus parthenogeneticus. We are also grateful
to £ukasz MICHALCZYK for the buccal-apparatus ex-
traction as well as for English improvements and sug-
gestions to the manuscript and for providing us addi-
tional SEM photomicrographs that were taken during
his SYNTHESYS project (grant no. DK-5510). We are
also highly indebted to Diane NELSON and two anony-
mous reviewers whose comments substantially im-
proved our manuscript and to Roberto GUIDETTI and
Roberto BERTOLANI for consultation on the morphol-
ogy of the buccal apparatus and the literature regarding
the studied tardigrade. The study was supported by
the by the Jagiellonian University (subsidy
no. DS/D/WB/IZiBB/16/2019 awarded to DS). Some
of the analyses were carried out with the equipment
purchased from the Sonata Bis programme of the Polish
National Science Centre (grant no. 2016/22/E/NZ8/00417
to £ukasz MICHALCZYK).
Author Contributions
Research concept and design: D.S.; Collection
and/or assembly of data: J.P., D.S.; Data analysis and
interpretation: J.P., D.S.; Writing the article: D.S.;
Critical revision of the article: D.S.; Final approval of
article: J.P., D.S.
Conflict of Interest
The authors declare no conflict of interest.
Supplementary Materials




BANDELT H., FORSTER P., RÖHL A. 1999. Median-joining net-
works for inferring intraspecific phylogenies. Mol. Biol. Evol.
16: 37-48.
BEASLEY C.W., MILLER W.R., SHIVELY S. 2009. A new freshwa-
ter Tardigrada Dactylobiotus kansae sp. n. (Eutardigrada:
Parachela: Murrayidae) from Kansas, U.S.A. Proc. Biol. Soc.
Wash. 122: 460-463. https://doi.org/10.2988/09-09.1
BERTOLANI R. 1988. Tardigradi delle acque dolci, con riferi-
mento ai corsi d’acqua della Lunigiana e della Garfagnana. Boll.
Mus. St. Nat. Lunigiana 6-7: 133-138.
BERTOLANI R. 1982a. A new genus and five new species of Italian
fresh-water tardigrades. Bollettino del Museo Civico di storia
Naturale, Verona, 114: 249-254.
BERTOLANI R. 1982b. Tardigradi. Guide per il riconoscimento
delle specie animali delle acque interne Italiane. Consiglio Nazi-
onale Delle Ricerche, Verona, Italy.
BERTOLANI R., GUIDETTI R., MARCHIORO T., ALTIERO T.,
REBECCHI L., CESARI M. 2014. Phylogeny of Eutardigrada:
New molecular data and their morphological support lead to the
identification of new evolutionary lineages. Mol. Phylogenet.
Evol. 76: 110-126.
https://doi.org/10.1016/j.ympev.2014.03.006
BINDA M.G., GUGLIELMINO A. 1982. Tardigrada muscicoli e dul-
cacquicoli di Sardegna. Animalia 9: 199-211.
BINDA M.G., PILATO G., 1999. Dactylobiotus lombardoi sp. n.
(Eutardigrada: Macrobiotidae) from Tierra del Fuego, with a key
to the Dactylobiotus-species. Zool. Anz. 238: 147-155.
CASQUET J.T., THEBAUD C., GILLESPIE R.G. 2012. Chelex with-
out boiling, a rapid and easy technique to obtain stable amplifi-
able DNA from small amounts of ethanol-stored spiders. Mol.
Ecol. Resour. 12: 136-141.
https://doi.org/10.1111/j.1755-0998.2011.03073.x
CESARI M., BERTOLANI R., REBECCHI L., GUIDETTI R. 2009.
DNA barcoding in Tardigrada: the first case study on Macrobio-
tus macrocalix Bertolani & Rebecchi 1993 (Eutardigrada, Mac-
robiotidae). Mol. Ecol. Resour. 9: 699-706.
https://doi.org/10.1111/j.1755-0998.2009.02538.x
CESARI M., MCINNES S., BERTOLANI R., REBECCHI L.,
GUIDETTI R. 2016. Genetic diversity and biogeography of the
south polar water bear Acutuncus antarcticus (Eutardigrada:
Hypsibiidae) – evidence that it is a truly pan-Antarctic species.
Invertebr. Syst. 30: 635-649. https://doi.org/10.1071/IS15045
CHEN L.J., ROMANO F., SEWELL S., MURDOCK C. 2009. Varia-
tion in 18S rDNA within Tardigrade individuals, species, and
populations. Unpublished. (reference for sequences
GQ925678-9 deposited in GenBank data base
https://www.ncbi.nlm.nih.gov/genbank/)
CUÉNOT L. 1932. Tartigrades (In: Faune de France. P. Lechevalier
ed., vol. 24) Pp. 1-96.
DASTYCH H. 1980. Niesporczaki (Tardigrada) Tatrzañskiego
Parku Narodowego [Tardigrades from the Tatra National Park].
MonografieFaunyPolski9:1-232. (InPolishwithEnglishSummary).
DASTYCH H. 1991. Redescription of Hypsibius antarcticus (Rich-
ters, 1904), with some notes on Hypsibius arcticus (Murray,
1907) (Tardigrada). Mitt. Hamb. Zool. Mus. Inst. 88: 141-159.
J. POGWIZD, D. STEC70
DEGMA P., GUIDETTI R. 2007. Notes to the current checklist of
Tardigrada. Zootaxa 1579: 41-53. https://doi.org/10.11646/zo-
otaxa.1579.1.2
DEGMA P., BERTOLANI R., GUIDETTI R. 2019. Actual checklist of
Tardigrada species. https://doi.org/10.25431/11380_1178608
DOYÈRE L.M.F. 1840. Memoire sur les Tardigrades. I. Ann. Sci.
Nat. Paris Series 2 14: 269-362.
DUJARDIN F. 1851. Sur les Tardigrades et sur une espèce a longs
pieds dans l’eau de mer. Ann. Sci. Nat., (Ser. 3). 15: 160-166.
EIBYE-JACOBSON J. 2001. A new method for making SEM prepa-
rations of the tardigrade buccopharyngeal apparatus. Zool. Anz.
240: 309-319. https://doi.org/10.1078/0044-5231-00038
FAURBY S., JONSSON K.I., REBECCHI L., FUNCH P. 2008. Varia-
tion in anhydrobiotic survival of two eutardigrade morphospe-
cies: a story of cryptic species and their dispersal. J. Zool. 275:
139-145. https://doi.org/10.1111/j.1469-7998.2008.00420.x
FOLMER O., BLACK M., HOEH W., LUTZ R., VRIJENHOEK R.
1994. DNA primers for amplification of mitochondrial cyto-
chrome c oxidase subunit I from diverse metazoan invertebrates.
Mol. Mar. Biol. Biotechnol. 3: 294-299.
FONTOURA P., MORAIS P. 2011. Assessment of traditional and
geometric morphometrics for discriminating cryptic species of
the Pseudechiniscus suillus complex (Tardigrada, Echinisci-
dae). J. Zool. Sys. Evol. Res. 49: 26-33.
https://doi.org/10.1111/j.1439-0469.2010.00594.x
G¥SIOREK G., STEC D., MOREK W., MICHALCZYK £. 2019a. De-
ceptive conservatism of claws: distinct phyletic lineages con-
cealed within Isohypsibioidea (Eutardigrada) revealed by
molecular and morphological evidence. Contrib. Zool. 88:
78-132. https://doi.org/10.1163/18759866-20191350
G¥SIOREK P., BLAGDEN B., MICHALCZYK £. 2019b. Towards
a better understanding of echiniscid intraspecific variability:
a redescription of Nebularmis reticulatus (Murray, 1905) (Het-
erotardigrada: Echiniscoidea). Zool. Anz. 283: 242-255.
https://doi.org/10.1016/j.jcz.2019.08.003
G¥SIOREK P., JACKSON K.J., MEYER H.A., ZAJ¥C K., NELSON
D.R., KRISTENSEN R.M., MICHALCZYK £. 2019c. Echiniscus
virginicus complex: the first case of pseudocryptic allopatry and
pantropical distribution in tardigrades. Biol. J. Linnean Soc.
128: 789-805. https://doi.org/10.1093/biolinnean/blz147
G¥SIOREK P., STEC D., MOREK W., ZAWIERUCHA K.,
KACZMAREK £., LACHOWSKA-CIERLIK D., MICHALCZYK £.
2016. An integrative revision of Mesocrista PILATO, 1987 (Tar-
digrada: Eutardigrada: Hypsibiidae). J. Nat. Hist. 50:
2803-2828. https://doi.org/10.1080/00222933.2016.1234654
G¥SIOREK P., STEC D., ZAWIERUCHA K., KRISTENSEN R.M.,
MICHALCZYK £. 2018. Revision of Testechiniscus Kristensen,
1987 (Heterotardigrada: Echiniscidae) refutes the polar-
temperate distribution of the genus. Zootaxa 4472: 261-297.
https://doi.org/10.11646/zootaxa.4472.2.3
G¥SIOREK P., VONÈINA K., MICHALCZYK £. 2019d Echiniscus
testudo (Doyère, 1840) in New Zealand: anthropogenic disper-
sal or evidence for the “Everything is Everywhere” hypothesis?
New Zeal. J. Zool. 46: 174-181.
https://doi.org/10.1080/03014223.2018.1503607
GUIDETTI R., ALTIERO T., HANSEN J.G. 2006a. A new species of
freshwater tardigrades from Disko Island (Greenland) increases
an unsolved paradox in tardigrade systematics. Hydrobiologia
558: 69-79. https://doi.org/10.1007/s10750-005-1408-6
GUIDETTI R., BERTOLANI R. 2005. Tardigrade taxonomy: an up-
dated check list of the taxa and a list of characters for their identi-
fication. Zootaxa 845: 1-46.
https://doi.org/10.11646/zootaxa.845.1.1
GUIDETTI R., BOSCHINI D., REBECCHI L., BERTOLANI R. 2006b.
Encystment processes and the “Matrioshka-like stage” in
a moss-dwelling and in a limnic species of eutardigrades (Tardi-
grada). Hydrobiologia 558: 9-21.
https://doi.org/10.1007/s10750-005-1407-7
GUIDETTI R., CESARI M., BERTOLANI R., ALTIERO T.,
REBECCHI L. 2019. High diversity in species, reproductive
modes and distribution within the Paramacrobiotus richtersi
complex (Eutardigrada, Macrobiotidae). Zool. Lett. 5: 1.
https://doi.org/10.1186/s40851-018-0113-z
GUIDETTI R., GANDOLFI A., ROSSI V., BERTOLANI R. 2005. Phy-
logenetic analysis of Macrobiotidae (Eutardigrada, Parachela):
a combined morphological and molecular approach. Zool.
Scripta34:235-244.https://doi.org/10.1111/j.1463-6409.2005.00193.x
GUIDETTI R., REBECCHI L., BERTOLANI R., JÖNSSON K.I.,
KRISTENSEN R.M., CESARI M. 2016. Morphological and mo-
lecular analyses on Richtersius (Eutardigrada) diversity reveal
its new systematic position and lead to the establishment of
a new genus and a new family within Macrobiotoidea. Zool. J.
Linnean Soc. 178: 834-845. https://doi.org/10.1111/zoj.12428
GUIDETTI R., SCHILL R.O., BERTOLANI R., DANDEKAR T.,
WOLF M. 2009. New molecular data for tardigrade phylogeny,
with the erection of Paramacrobiotus gen. nov. J. Zool. Syst.
Evol. Res. 47: 315-321.
https://doi.org/doi:10.1111/j.1439-0469.2009.00526.x
GUIL N. 2002. Diversity and distribution of tardigrades (Bilateria,
Tardigrada) from the Iberian Peninsula, Balearic Islands and
Chafarinas Islands. Graellsia 58: 75-94.
GUIL N., JØRGENSEN A., KRISTENSEN R.M. 2019. An upgraded
comprehensive multilocus phylogeny of the Tardigrada tree of
life. Zool. Scripta 48: 120-137.
https://doi.org/10.1111/zsc.12321
HALL T.A. 1999. BioEdit: a user-friendly biological sequence
alignment editor and analysis program for Windows 95/98/NT.
Nucleic Acids Symp. Ser. 41: 95-98.
JACKSON K.J., MEYER H.A. 2019. Morphological and genetic
analysis of Milnesium cf. granulatum (Tardigrada: Milnesiidae)
from Northeastern North America. Zootaxa 4604: 497-510.
https://doi.org/10.11646/zootaxa.4604.3.6
JANELT K., POPRAWA I. 2020. Analysis of encystment, excyst-
ment, and cyst structure in freshwater eutardigrade Thulinius
ruffoi (Tardigrada, Isohypsibioidea: Doryphoribiidae). Diver-
sity 12: 62. https://doi.org/10.3390/d12020062
JØRGENSEN A., FAURBY S., HANSEN J.G., MØBJERG N.,
KRISTENSEN R.M. 2010. Molecular phylogeny of Arthrotardi-
grada (Tardigrada). Mol. Phylogenet. Evol. 54: 1006-1015.
https://doi.org/10.1016/j.ympev.2009.10.006
JØRGENSEN A., FAURBY S., PERSSON D.K., HALBERG K.A.,
KRISTENSEN R.M., MØBJERG N. 2013. Genetic diversity in the
parthenogenetic reproducing tardigrade Echiniscus testudo
(Heterotardigrada: Echiniscoidea). J. Limnol. 72: 136-143.
https://doi.org/10.4081/jlimnol.2013.s1.e17
JØRGENSEN A., MOBJERG N., KRISTENSEN R.M. 2007. A mo-
lecular study of the tardigrade Echiniscus testudo (Echiniscidae)
reveals low DNA sequence diversity over a large geographical
area. J. Limnol. 66: 77-83.
https://doi.org/10.4081/jlimnol.2007.s1.77
KACZMAREK £., CYTAN J., ZAWIERUCHA K., DIDUSZKO D.,
MICHALCZYK £. 2014. Tardigrades from Peru (South America),
with descriptions of three new species of Parachela. Zootaxa 3790:
357-379. https://doi.org/10.11646/zootaxa.3790.2.5
KACZMAREK £., MICHALCZYK £. 2017. The Macrobiotus hufe-
landi (Tardigrada) group revisited. Zootaxa 4363: 101-123.
https://doi.org/10.11646/zootaxa.4363.1.4
KACZMAREK £., MICHALCZYK £., EGGERMONT H. 2008. Dacty-
lobiotus luci, a new freshwater tardigrade (Eutardigrada, Macro-
biotidae) from the Rwenzori Mountains (Uganda/DR Congo).
Afr. Zool. 43: 150-155.
KACZMAREK £., MICHALCZYK £., MCINNES S.J. 2015. Anno-
tated zoogeography of non-marine Tardigrada. Part II: South
America. Zootaxa 3923: 1-107. https://doi.org/10.11646/zo-
otaxa.3923.1.1
KACZMAREK £., MIODUCHOWSKA M., KAÈAREVIÆ U., KUBSKA K.,
PARNIKOZA I., GO£DYN B., ROSZKOWSKA M. 2020. New
records of Antarctic Tardigrada with comments on interpopula-
tion variability of the Paramacrobiotus fairbanksi Schill, För-
ster, Dandekar and Wolf, 2010. Diversity 12: 108.
https://doi.org/10.3390/d12030108
KATOH K., MISAWA K., KUMA K., MIYATA T. 2002. MAFFT:
a novel method for rapid multiple sequence alignment based on
fast Fourier transform. Nucleic Acids Res. 30: 3059-3066.
https://doi.org/10.1093/nar/gkf436
KATOH K., TOH H. 2008. Recent developments in the MAFFT
multiple sequence alignment program. Brief. Bioinform. 9:
286-298. Https://doi.org/10.1093/bib/bbn013
Geographic Distribution of Dactylobiotus parthenogeneticus 71
KIHM J.H., KIM S., MCINNES S.J., ZAWIERUCHA K., RHO H.S.,
KANG P., PARK T.Y.S. 2020. Integrative description of a new
Dactylobiotus (Eutardigrada: Parachela) from Antarctica that
reveals an intraspecific variation in tardigrade egg morphology.
Sci. Rep. 10: 9122. https://doi.org/10.1038/s41598-020-65573-1
KUMAR S., STECHER G., TAMURA K. 2016. MEGA7: Molecular
Evolutionary Genetics Analysis version 7.0 for bigger datasets.
Mol. Biol. Evol. 33: 1870-1874.
https://doi.org/10.1093/molbev/msw054
MARCUS E. 1936. Tardigrada. Das Tierreich 66: 1-340.
MEYER H.A. 2013. Terrestrial and freshwater Tardigrada of the
Americas. Zootaxa 3747: 1-71.
https://doi.org/10.11646/zootaxa.3747.1.1
MICHALCZYK £., KACZMAREK £. 2003. A description of the new
tardigrade Macrobiotus reinhardti (Eutardigrada, Macrobioti-
dae, harmsworthi group) with some remarks on the oral cavity
armature within the genus Macrobiotus Schultze. Zootaxa 331:
1-24. https://doi.org/10.11646/zootaxa.331.1.1
MICHALCZYK £., KACZMAREK £. 2013. The Tardigrada register:
a comprehensive online data repository for tardigrade taxon-
omy. J. Limnol. 72: 175-181.
https://doi.org/10.4081/jlimnol.2013.s1.e22
MIRONOV S.V., DABERT J., DABERT M. 2012. A new feather mite
species of the genus Proctophyllodes Robin, 1877 (Astigmata:
Proctophyllodidae) from the Long-tailed Tit Aegithalos cauda-
tus (Passeriformes: Aegithalidae): morphological description
with DNA barcode data. Zootaxa 3253: 54-61.
https://doi.org/10.11646/zootaxa.3253.1.2
MOGLE M.J., KIMBALL S.A., MILLER W.R., MCKOWN R.D.
2018. Evidence of avian-mediated long distance dispersal in
American tardigrades. PeerJ 6: e5035.
https://doi.org/10.7717/peerj.5035
MOREK W., STEC D., G¥SIOREK P., SCHILL R.O., KACZMAREK £.,
MICHALCZYK £. 2016. An experimental test of eutardigrade
preparation methods for light microscopy. Zool. J. Linnean
Soc. 178: 785-793. https://doi.org/10.1111/zoj.12457
MOREK W., STEC D., G¥SIOREK P., SURMACZ B., MICHALCZYK £.
2019a. Milnesium tardigradum Doyère, 1840: the first integra-
tive study of inter-population variability in a tardigrade species.
J. Zool. Sys. Evol. Res. 57: 1-23.
https://doi.org/10.1111/jzs.12233
MOREK W., SUZUKI A., SCHILL R.O., GEORGIEV D., YANKOVA M.,
MARLEY N., MICHALCZYK £. 2019b. Redescription of Milne-
sium alpigenum Ehrenberg, 1853 (Tardigrada: Apochela) and
a description of Milnesium inceptum sp. nov., a tardigrade labo-
ratory model. Zootaxa 4586: 35-64.
https://doi.org/10.11646/zootaxa.4586.1.2
MORENO-TALAMANTES A., ROSZKOWSKA M., GUAYASAMÍN
P.R., FLORES MALDONADO J.J., KACZMAREK £. 2015. First
record of Dactylobiotus parthenogeneticus Bertolani, 1982 (Eu-
tardigrada: Murrayidae) in Mexico. Check List 11: 1723.
https://doi.org/10.15560/11.4.1723
MURRAY J. 1907. Scottish Tardigrada collected by the Lake Sur-
vey. Trans. Roy. Soc. Edinburgh 45: 641-668.
MURRAY J. 1910. Tardigrada. Report of Scientific investigation
of the British Antarctic Expedition, 1907-1909 (E.H. Shackle-
ton, London) 1: 81-185.
NELSON D.R., GUIDETTI R., REBECCHI L. 2015. Phylum
Tardigrada. (In: Thorp and Covich’s Freshwater Invertebrates.
Academic Press): 347-380.
https://doi.org/10.1016/B978-0-12-385026-3.00017-6
PILATO G. 1981. Analisi di nuovi caratteri nello studio degli Eu-
tardigradi. Animalia 8: 51-57.
PILATO G., BINDA M.G. 1989. Richtersius, nuove nome generico
in sostituzione di Richtersia Pilato e Binda 1987 (Eutardigrada).
Animalia 16: 147-148.
POPRAWA I., HYRA M., ROST-ROSZKOWSKA M.M. 2015. Germ
cell cluster organization and oogenesis in the tardigrade Dacty-
lobiotus parthenogeneticus Bertolani, 1982 (Eutardigrada, Mur-
rayidae). Protoplasma 252: 1019-1029.
https://doi.org/10.1007/s00709-014-0737-6
RAMAZZOTTI G., MAUCCI W. 1983. Il Phylum Tardigrada. Mem.
Ist. Ital. Idrobiol. 41: 1-1012.
RICHTERS F. 1904. Vorläufiger Bericht über die anktartische
Moosfauna. Verhandlungen der Deutschen Zoologischen Ge-
sellschaft 14: 236-239
RICHTERS F. 1926. Tardigrada. (In: Handbuch der Zoologie Vol. 3.
Kükenthal W. & Krumbach T. eds. Walter de Gruyter & Co.,
Berlin & Leipzig): 58-61.
ROBERTSON M.W., RUSSO N.J., MCINNES S.J., GOFFINET B.,
JIMÉNEZ J.E. 2020. Potential dispersal of tardigrades by birds
through endozoochory: evidence from Sub-Antarctic White-
bellied Seedsnipe (Attagis malouinus). Polar Biol.
https://doi.org/10.1007/s00300-020-02680-9
SANDS C.J., CONVEY P., LINSE K., MCINNES S.J. 2008. Assess-
ing meiofaunal variation among individuals utilising morpho-
logical and molecular approaches: an example using the
Tardigrada. BMC Ecol. 8: 7.
SCHULTZE C.A.S. 1840. Echiniscus Bellermanni, Animal Crusta-
ceum, Macrobiotus Hufelandii Affine. Apud G. Reimer, Berlin,
pp. 1-8.
SCHUSTER R.O., NELSON D.R., GRIGARICK A.A.,
CHRISTENBERRY D. 1980. Systematic criteria of the Eutardi-
grada. Trans. Am. Microsc. Soc. 99: 284-303.
STEC D., G¥SIOREK P., MOREK W., KOSZTY£A P., ZAWIERUCHA K.,
MICHNO K., KACZMAREK £., PROKOP Z.M., MICHALCZYK £.
2016. Estimating optimal sample size for tardigrade morphome-
try. Zool. J. Linnean Soc. 178: 776-784.
https://doi.org/10.1111/zoj.12404
STEC D., KRISTENSEN R.M., MICHALCZYK £. 2020a. An integra-
tive description of Minibiotus ioculator sp. nov. from the Republic
of South Africa with notes on Minibiotus pentannulatus Lon-
doño et al., 2017 (Tardigrada: Macrobiotidae). Zool. Anz. 286:
117-134. https://doi.org/10.1016/j.jcz.2020.03.007
STEC D., KRZYWAÑSKI £., ARAKAWA K., MICHALCZYK £.
2020b. A new redescription of Richtersius coronifer, supported
by transcriptome, provides resources for describing concealed
species diversity within the monotypic genus Richtersius (Eu-
tardigrada). Zool. Lett. 6: 2.
https://doi.org/10.1186/s40851-020-0154-y
STEC D., KRZYWAÑSKI £., ZAWIERUCHA K., MICHALCZYK £. 2020c.
Untangling systematics of the Paramacrobiotus areolatus spe-
cies complex by an integrative redescription of the nominal spe-
cies for the group, with multilocus phylogeny and species
delineation within the genus Paramacrobiotus. Zool. J. Linnean
Soc. 188: 694-716. https://doi.org/10.1093/zoolinnean/zlz163
STEC D., MOREK W., G¥SIOREK P., MICHALCZYK £. 2018. Un-
masking hidden species diversity within the Ramazzottius ober-
haeuseri complex, with an integrative redescription of the
nominal species for the family Ramazzottiidae (Tardigrada: Eu-
tardigrada: Parachela). Syst. Biodivers. 16: 357-376.
https://doi.org/10.1080/14772000.2018.1424267
STEC D., SMOLAK R., KACZMAREK £., MICHALCZYK £. 2015.
An integrative description of Macrobiotus paulinae sp. nov.
(Tardigrada: Eutardigrada: Macrobiotidae: hufelandi group)
from Kenya. Zootaxa 4052: 501-526.
https://doi.org/10.11646/zootaxa.4052.5.1
STEC D., ZAWIERUCHA K., MICHALCZYK £. 2017. An integrative
description of Ramazzottius subanomalus (Biserov, 1985) (Tar-
digrada) from Poland. Zootaxa 4300: 403-420.
https://doi.org/10.11646/zootaxa.4300.3.4
SUGIURA K., ARAKAWA K., MATSUMOTO M. 2020. Distribution
of Macrobiotus shonaicus Stec, Arakawa & Michalczyk, 2018
(Tardigrada: Eutardigrada: Macrobiotidae) in Japan. Zootaxa
4767: 56-70. https://doi.org/10.11646/zootaxa.4767.1.2
SURMACZ B., MOREK W., MICHALCZYK £. 2019. What if multi-
ple claw configurations are present in a sample: a case study with
the description of Milnesium pseudotardigradum sp. nov. with
unique developmental variability. Zool. Stud. 58: 32.
https://doi.org/10.6620/ZS.2019.58-32
YANG T. 1999. Three new species and six new records of the class
Eutardigrada (Tardigrada) from China (Parachela: Macrobioti-
dae: Hypsibiidae). Acta Zootaxon. Sin. 24: 444-453.
YANG T. 2002. Three new species and one new record of the Tar-
digrada from China. Acta Hydro. Sin. 26: 505-508.
ZAWIERUCHA K., STEC D., LACHOWSKA-CIERLIK D.,
TAKEUCHI N., LI Z., MICHALCZYK £. 2018. High mitochon-
drial diversity in a new water bear species (Tardigrada: Eutardi-
grada) from mountain glaciers in central Asia, with the erection
of a new genus Cryoconicus. Annales Zoologici 68: 179-201.
https://doi.org/10.3161/00034541ANZ2018.68.1.007
J. POGWIZD, D. STEC72
